Objective: The aim of the study was to test the novel hypothesis that, among black Americans who used John Henryism coping, those from low socioeconomic status backgrounds would be more likely to develop metabolic syndrome than those from higher socioeconomic backgrounds. Methods: This is an ancillary analysis of Strong African American Families Healthy Adult Program, a longitudinal cohort of 391 black youths and their caregivers. From ages 11 to 18 years, family socioeconomic status was assessed. At age 25 years, John Henryism was assessed, blood samples were drawn, and measurements were taken of blood pressure and waist circumference. Metabolic syndrome status was based on International Diabetes Federation guidelines. Results: A significant interaction emerged between family socioeconomic disadvantage and John Henryism coping in predicting metabolic syndrome diagnosis (odds ratio = 1.047, 95% confidence interval = 1.004-1.091). Participants who were high in John Henryism coping were more likely to display metabolic syndrome if they were from disadvantaged backgrounds (predicted prevalence of 26.7%) than if they were from more privileged backgrounds (predicted prevalence of 9.6%). Conclusions: These patterns illustrate for the first time that John Henryism coping can undermine cardiometabolic health among black youths from disadvantaged backgrounds.
INTRODUCTION
T he well-documented prevalence of the chronic diseases of aging among black adults does not originate in adulthood; rather, it results from changes in biological processes beginning at earlier stages of development (1) . This may be particularly true for black children in the rural American South. Risk factors include chronic poverty, frequent housing adjustments in response to economic pressures, substandard housing, interpersonal and institutional racism, difficulty in accessing health care, poor-quality schools, and a lack of access to nutritious food (2) . Many black families in the rural South thus live under conditions of severe, ongoing economic stress, which have the potential to take a toll on health and wellbeing among children and adolescents (3, 4) .
Despite the economic hardships and contextual risks that black youths face, a significant number of them overcome these difficulties. They perform well in school, avoid drug use, and go on to attend college. Black youths do this, in part, through unwavering determination and persistence. James (5) called this single-minded determination to succeed that is accompanied by an uncompromising work ethic, even when encountering tremendous challenges, John Henryism (JH) after the legend of a black railroad worker who, in the 19th century, was said to have defeated a steam-powered drill in a steel-driving contest only to collapse, dead from exhaustion. For James (5) , the fabled actions of John Henry serve to illuminate associations among high-effort coping, chronic sympathetic nervous system arousal, and health problems. James (5) hypothesized that black Americans from low socioeconomic status (SES) backgrounds who used a high-effort coping style in pursuit of upward mobility would incur outwardly undetectable wear and tear on their bodies that could be detected through indicators of shortened life expectancies and cardiometabolic health impairments.
Epidemiological investigations of the associations between JH and health among black Americans have focused primarily on blood pressure among middle-aged and elderly participants. Reviews of this research present mixed findings, but more studies support a link between JH and blood pressure than those that do not support it, particularly for hypertension in community samples (6) . Recently, a 15-year longitudinal study involving Finnish men expanded the research focus beyond blood pressure by demonstrating that a JH Â low-SES interaction predicted differential risk for fatal and nonfatal heart attacks (7). It is not known whether the JH pattern for black Americans from disadvantaged backgrounds appears earlier in the life course, during young adulthood. It is also not known whether the contributions of JH to health among black adults may extend to significant clinical outcomes beyond blood pressure.
In this study, we examined the JH coping pattern to determine whether it would forecast a chronic condition that is highly prevalent among young black adults, metabolic syndrome (MetS) (8) . MetS is a cluster of cardiometabolic risk factors that includes central adiposity, hypertension, impaired glucose control, and lipid dysregulation. It is a precursor to several diseases, including diabetes, heart disease, and stroke. The prevalence of MetS varies substantially across demographic, racial, and ethnic groups. The highest rates occur among black adults and adults of low SES (8) . Black women have a higher prevalence than black men, and the prevalence rates of MetS increase with age for all racial and ethnic groups (9) . We gathered data to test the hypothesis that the prevalence of MetS would be greatest among young black adults who use the JH coping style and grew up in disadvantaged circumstances.
We investigated the study hypotheses with a cohort of black youths who were 11 years of age at the first and 25 years of age at the last, annual data collection. Data on family socioeconomic disadvantage were gathered from ages 11 to 13 years and from ages 16 to 18 years. At age 25 years, participants completed the JH coping questionnaire and provided blood samples from which fasting blood glucose and triglyceride levels were assayed; blood pressure and waist circumference also were recorded.
METHODS

Participants
Data were gathered from the Strong African American Families Healthy Adult Project panel study. Starting in 2001, 667 black fifth-grade children (mean age = 11.2 years) and their primary caregivers were enrolled, to track the youths' socioeconomic backgrounds. The families resided in nine rural counties in which poverty rates are among the highest in the nation (10) . In 2009-2010, when the youths were 19 to 20 years of age, a subgroup of 500 young adults was randomly selected for a study of stress hormones and blood pressure. This cohort was reassessed in 2015-2016, when the participants had reached a mean age 25 years; MetS was the focus of this assessment. The age 25 data collection included 408 participants from the age 19-20 subsample. Of this subsample, 391 agreed to have their blood drawn to detect MetS; they constituted the sample in the present study. t tests were executed to evaluate the equivalence of the demographic and study variables for the age 11 and age 25 samples. Compared with the original cohort, the cohort in the present study had a higher percentage of female participants (59.8% versus 52.8%) and their families reported more indicators of socioeconomic disadvantage, as described in the measures section (M(SD) = 2.33 (1.20) versus 2.25 (1.25)), but were otherwise similar demographically. The University of Georgia's institutional review board approved all study procedures, and all participants provided written informed consent at each wave of assessment. Primary caregivers consented to minor youths' participation in the study, and the minor youths assented to their own participation. Youths 18 years or older consented to their own participation.
Measures
Family Socioeconomic Disadvantage
When participants were 11 to 13 and 16 to 18 years of age, caregivers provided data on their families' socioeconomic disadvantage. Six dichotomous variables formed a socioeconomic disadvantage index. A score of 1 was assigned to each of the following: family poverty based on federal guidelines, primary caregiver unemployment, receipt of temporary assistance for needy families, primary caregiver single parenthood, primary caregiver education level less than high school graduation, and caregiver-reported inadequacy of family income. The scores were summed and averaged across waves to form the index, which ranged from 0 to 6 (M (SD) = 2.33 (1.20)).
John Henryism
At age 25 years, young adults reported their high-active coping strategies on the 12-item John Henryism Active Coping Scale (11) (Cronbach α = .83). The items emphasized mental and physical vigor, commitment to hard work, and a single-minded determination to succeed (11) . Example items included, "Once I make up my mind to do something, I stay with it until the job is completely done," "When things do not go the way I want them to, that makes me work even harder," and "In the past, even when things got really tough, I never lost sight of my goals."
Metabolic Syndrome Diagnostic Status
At the age 25 assessment, a phlebotomist visited each participant's home in the morning hours to draw an overnight fasting blood sample. Blood was drawn into serum separator tubes (Becton-Dickinson, Franklin Lakes, NJ, USA). Samples were centrifuged and assayed at the Foundations of Health Research Center Laboratory at Northwestern University. The serum was harvested, divided into aliquots, and immediately frozen on dry ice. At the end of the study, glucose was measured photometrically on a Roche/ Hitachi cobas c502 analyzer. The average intra-and interassay coefficients of variation were 0.7% and 1.8%, respectively. This assay has a dynamic range of 2 to 750 mg/dL. High-density lipoproteins and triglycerides were measured on a Roche/Hitachi cobas c701 analyzer. The average intra-and interassay coefficients of variation for these assays were less than 1.6% and 2.4%, respectively. The assay's detection ranges are 8.85 to 885 mg/dL (triglycerides) and 3 to 120 mg/dL (high-density lipoprotein). Resting blood pressure was monitored with a Critikon Dinamap Pro 100 (Critikon, Tampa, FL) while youths sat reading quietly. Three readings were taken every 2 minutes, and the average of the last two readings was used as the resting index. Field researchers measured participants' waist circumferences at the midpoint of the upper iliac crest and lower costal margin, at the midaxillary line.
MetS was diagnosed according to International Diabetes Federation (IDF) guidelines (12) . To qualify, an individual must show central adiposity, defined by ethnic and sex-specific cutoffs for waist circumference (for individuals of African descent, cutoffs ≥ 94 and ≥ 80 cm for men and women, respectively). At least two of four additional components must also be present. They include (a) systolic blood pressure ≥ 130 or diastolic blood pressure ≥ 85, (b) triglyceride levels ≥ 150 mg/dL, (c) fasting glucose levels ≥ 100 mg/dL, and (d) high-density lipoprotein levels < 40 mg/dL in men and < 50 mg/dL in women. A dichotomous classification indicating whether a participant met the IDF definition of MetS was the primary outcome of interest. We note that the applicability of the IDF MetS criteria to black persons has been questioned (13) . We chose, however, to use in this investigation established criteria for the diagnosis of MetS. Of the three hundred ninety-one 25-year-old participants, 67 (17.1%) met IDF criteria for MetS. For comparison purposes, the best available epidemiological data for young adults indicated a prevalence of 18% among 20-to 39-year-old participants in the National Health and Nutrition Examination Survey (9).
Self-control
Self-control was assessed when youths were 11 to 13 and 16 to 17 years of age using parents' reports on the 12-item Self-Control Inventory (14) . Each item was rated on a scale ranging from 0 (never) to 4 (almost always). Example items included, "sticks to what he/she is doing even during long, unpleasant tasks until finished," "works toward a goal," and "pays attention to what he/she is doing." Responses were summed to yield a self-control score; α values across waves ranged from .86 to .89. Self-control was operationalized as the average of the parents' ratings across the five assessments during adolescence.
Self-regulation
At ages 19 to 21 years, youths completed the 23-item Self-Regulation Questionnaire (15) . Each item was rated on a scale ranging from 1 (strongly disagree) to 4 (strongly agree). Example items included, "Once I have a goal, I can usually plan how to reach it," "I set goals for myself and keep track of my progress," and "If I make a resolution to change something, I pay a lot of attention to how I am doing." Responses were summed to yield a self-regulation score; α values across waves ranged from .91 to .92. Selfregulation was operationalized as the average of the youths' ratings across the three assessments during young adulthood.
Covariates
The Strong African American Families Healthy Adult Program cohort was initially recruited for a randomized controlled trial of a family-centered intervention designed to prevent behavior problems and substance abuse (16) . Participation in the intervention was not associated with MetS diagnosis (p = .24). To minimize any residual confounding, however, we included a dichotomous covariate reflecting intervention assignment (treatment versus control group) in all models. Sex was dummy coded (male participants were coded 1 and female participants were coded 0) and controlled in the analyses. At age 25 years, participants reported monthly income (M(SD) = 1098 (924)) and educational achievement (1 = less than high school graduate; 2 = high school graduate or general equivalence diploma; 3 = some college or trade school; 4 = bachelor's degree; 5 = some graduate school or more; M (SD) = 2.67 (0.87)). Unhealthful behavior at age 25 years was indexed using items from the Youth Risk Behavior Survey (17). This scale has been used in several national, ethnically diverse surveys and has shown good validity and reliability. Participants reported the number of days during the past 7 days on which they consumed fruit, vegetables, 100% fruit juices, and milk. Exercise was measured with the single item, "During the past 7 days, on how many days were you physically active for a total of at least 60 minutes per day?" The nutrition and exercise items were reverse coded so that higher numbers indicated less healthful behaviors.
Statistical Analysis
The study hypothesis was tested using a logistic regression equation with the following three sequentially entered blocks of variables: (a) the covariates of sex, intervention status, monthly income at age 25 years, educational achievement, and unhealthful behaviors; (b) the main effects of family socioeconomic disadvantage and JH coping; and (c) a two-way interaction term of family socioeconomic disadvantage Â JH coping. The analysis was executed based on the conventions that Aiken and West (18) prescribed, whereby the variables are first mean centered and interactions are calculated as the product of the centered variables. Table 1 presents descriptive statistics for the sample, along with bivariate correlations. Family socioeconomic disadvantage, assessed at ages 11 to 18 years, was associated positively with MetS diagnosis at age 25 years. The regression analysis revealed a significant interaction between family socioeconomic disadvantage and JH coping ( Table 2 ). To interpret this interaction, we plotted the estimated prevalence of a diagnosis of MetS for low (1 SD below the mean) and high (1 SD above the mean) levels of family socioeconomic disadvantage and JH coping. These results, depicted in Figure 1 , show that the findings for MetS were consistent with the predicted JH pattern. For young adults whose families were the most disadvantaged throughout their adolescent years, higher JH coping was associated with a greater likelihood of MetS (predicted prevalence of 26.8%). For young adults in the most privileged families, higher JH coping conferred greater protection from MetS (predicted prevalence of 9.7%). Additional comparisons showed that young adults with high JH coping from the most disadvantaged families were 3.4 times more likely to be diagnosed with MetS than young adults with similar levels of JH coping living in the most privileged families. Additional analyses were performed to determine whether participant sex conditioned any of these findings; no interaction was detected. Together, these results support the JH pattern in which the prevalence of MetS during young adulthood is predicted to be greatest among those using JH coping who grew up in disadvantaged circumstances.
RESULTS
We also sought to determine whether the reported results would emerge when the individual indicators of MetS were disaggregated and analyzed separately. The results of these analyses are presented in Tables 3 and 4 . When the multisystem, individual indicators of MetS were disaggregated, none of them evinced an interaction between family socioeconomic disadvantage and JH.
Finally, to explore the possibility of circumstantial evidence indicating that JH may have preceded the emergence of MetS, we correlated parent reports of youth self-control averaged across ages 16 to 18 years, and youth reports of self-regulation averaged across ages 19 to 21 years, with JH at age 25 years. The self-control and self-regulation assessments tap some dimensions of JH, most notably the key characteristic of persistence in meeting goals. Both self-control during adolescence (r = .124, p = .013) and selfregulation during young adulthood (r = .407, p = .001) were significantly associated with JH. These findings are consistent with the proposition that a propensity toward JH preceded rather than followed the emergence of MetS in this particular sample of young black adults.
DISCUSSION
In a sample of black youths from rural Georgia, a region with some of the highest rates of MetS in the nation, the JH pattern emerged among young adults from disadvantaged backgrounds. If, from ages 11 to 18 years, youths lived in more disadvantaged circumstances and, at age 25 years, used high levels of JH coping, their likelihood of having MetS at age 25 was elevated. This is the first demonstration that the JH pattern is associated with a heightened risk among young black adults of developing a chronic disease. MetS can inhibit quality of life and is a precursor of two public health problems, diabetes and cardiovascular disease. Hence, the three-fold elevation in MetS among young adults from disadvantaged backgrounds who are high in JH is likely to have both individual and public health ramifications.
Several possible explanations exist for this study's findings. First, the presence of MetS that we observed could predate the development of JH and be secondary to other confounders associated with socioeconomic risk. Though plausible, we consider this explanation to be unlikely, particularly given the results of models adjusted for young adults' educational achievement, health behaviors, contemporaneous income, and the correlations of selfcontrol across ages 16 to 18 years and self-regulation across ages 19 to 21 years with JH at age 25 years. These correlations suggest that it is more likely that JH preceded MetS than vice versa. Nevertheless, follow-up studies in which the measurement of JH precedes by a year or more the assessment of MetS should be conducted, along with follow-up studies that include more detailed assessments of potential third-variable effects. A second possibility involves the recognition that young adulthood can be a stressful developmental period during which young people are trying to establish independence, careers, and families. During this challenging time, an unrelenting determination to succeed despite interpersonal, community, and institutional stressors is likely to occasion frequent activation of the hypothalamic-pituitaryadrenal axis and sympathetic nervous system stress responses. The hormonal end products of these systems, glucocorticoids and catecholamines, have been found to be elevated in black youths who grow up in disadvantaged circumstances (19, 20) . Sustained exposure to high doses of these hormones can promote weight gain, elevate blood pressure, dysregulate lipids, and promote inflammation, all of which could hasten the development of MetS (3, 21) . Accordingly, future research should examine the roles of sympathetic and adrenocortical activity in persons who adopt the JH coping style to navigate interpersonal and institutional impediments to success.
Limitations
Limitations of the present study include the nature of the sample, which was composed solely of rural black families; thus, it is not known whether the findings would generalize to urban black families or to members of other racial or ethnic groups. In addition, the research reported here was designed to test the JH hypothesis; it was beyond the scope of the study to examine other important and interesting questions such as the following. Why are women, both in this study and others (9), more likely than men to develop MetS? Does MetS prevalence vary between young adults exposed to episodic versus chronic SES risk across childhood and adolescence? These questions need to be addressed in future research. These limitations notwithstanding, this study's findings extend knowledge of the JH coping phenomenon, documenting for the first time its association with a chronic medical risk, MetS. The results also serve as a reminder that determined efforts among young black adults to "beat the odds" may exact an unanticipated toll on health. 
